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A system and method automatically determines aligned 
edges of display devices for an aggregate display. The system 
includes a first mobile unit (MU) and a second MU. The first 
and second MUs include respective emitters, sensors, trans 
ceivers, and display devices. The emitters of the MUs are 
activated to transmit edge patterns based upon an inter-device 
communication Such that when one of the sensors of the first 
MU receives the edge pattern from the second MU and vice 
versa, the MUs have an aligned edge. Select emitters of the 
MUs are activated to transmit a further edge pattern based 
upon a further inter-device communication Such that when a 
corresponding sensor of the first MU receives the further edge 
pattern from the second MU and vice versa, the aligned edges 
are verified to be aligned. 

  



Patent Application Publication Jan. 1, 2015 Sheet 1 of 7 US 201S/OOO2371 A1 

SYSTEM 
100 

SERVER 

110 

MU lAl1 MU le1 MU 
105 115 

\ \ 125 \ 
MU lel1 MU le1 MU 

120 130 

\ \ 140 \ 
MU lAl1 MU lAl1 MU 

135 145 

FIG. I. 

  



Patent Application Publication Jan. 1, 2015 Sheet 2 of 7 US 201S/OOO2371 A1 

MU 
200 

PROCESSOR 

MEMORY 
210 ARRANGEMENT 

PSEY TRANSCEIVER 
215 220 

35 

OTHER 
EMITTERS COMPONENTS 2 

SENSORS 

FIG. 2 

  



Patent Application Publication Jan. 1, 2015 Sheet 3 of 7 US 201S/OOO2371 A1 

305 310 

FIG. 3A FIG. 3B 

315 

FIG. 3C 



Patent Application Publication Jan. 1, 2015 Sheet 4 of 7 US 201S/OOO2371 A1 

FIG. 4A FIG. 4B 

  



Patent Application Publication Jan. 1, 2015 Sheet 5 of 7 US 201S/OOO2371 A1 

5. S. 

GE) 
O 

8 : & 
O l?) 

O 
N 
N 

O 
S s 

CSD 

S.S. 
S. 

5. 
S 

  

  



Patent Application Publication Jan. 1, 2015 Sheet 6 of 7 US 201S/OOO2371 A1 

METHOD 

600 

PROVIDE IMAGE OF OVERALL IN 
VIEW TO EACH MU 605 

ALIGNED EDGESP 

YES 

C 62O 
YES 

s 625 
YES 

635 

REPOSITION MUS 

63 

INDICATE INSUFFICIENT 
ALIGNMENT 

640 
ALIGN WITH 
FURTHERMUp 

NO 
645 

FURTHER DEVICE 
PARALIGNMENT2 

FIG. 6A 

  

      

  

  

  

  

  



Patent Application Publication Jan. 1, 2015 Sheet 7 of 7 US 201S/OOO2371 A1 

DETERMINE MASTER DEVICE 
650 

TRANSMIT EDGE ALIGNMENT 
DATA TO MASTER DEVICE 655 

DETERMINE OVERALL SHAPE 
OF DISPLAY DEVICES 
FOR OVERALL IMAGE 660 

DETERMINE PORTION OF 
OVERALL IMAGE FOREACH 

DISPLAY DEVICE 665 

SHOW RESPECTIVE PORTION 
ONEACH DISPLAY DEVICE 

670 

FIG. 6B 

  

  



US 2015/OOO2371 A1 

SYSTEMAND METHOD FOR AUTOMATIC 
AGGREGATION OF MULTIPLE PHYSICAL 

DISPLAY DEVICES INTO ASINGLE 
LOGICAL DISPLAY SURFACE 

BACKGROUND OF THE INVENTION 

0001. A plurality of display devices may be configured 
and arranged such that they are aggregated. The aggregation 
of the display devices enable a single image or view to be 
shown across all the display devices. That is, each display 
device shows a portion of the view such that all the display 
devices show the entire view. For example, in a simplest case, 
a computer may be coupled to two display devices such as 
monitors. The user may select a display option in which the 
view is extended. Accordingly, the overall area of the view for 
the computer is a combination of the two display devices. 
However, Such a scenario requires little to no configuration. 
In another example, an enhanced display utilizes a plurality of 
display devices, particularly, more than two monitors. How 
ever, when the plurality of display devices are all coupled to 
a single processor, the processor is capable of configuring the 
aggregation simply by showing the portion of the entire view 
on the display devices and having the user manually position 
the display devices such that the entire view is properly 
shown. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0002 The accompanying figures, where like reference 
numerals refer to identical or functionally similar elements 
throughout the separate views, together with the detailed 
description below, are incorporated in and form part of the 
specification, and serve to further illustrate embodiments of 
concepts that include the claimed invention, and explain vari 
ous principles and advantages of those embodiments. 
0003 FIG. 1 shows a system of mobile units having a 
respective display device that are aggregated in accordance 
with some embodiments. 
0004 FIG. 2 shows components of the mobile units of the 
system of FIG. 1 in accordance with some embodiments. 
0005 FIG. 3A-FIG. 3C show different shapes of the 
mobile units of the system of FIG. 1 in accordance with some 
embodiments. 
0006 FIG. 4A-FIG. 4D show different aggregation con 
figurations for the system of FIG. 1 in accordance with some 
embodiments. 

0007 FIG.5 shows two mobile units of the system of FIG. 
1 determining an alignment for the aggregation in accordance 
with some embodiments. 
0008 FIG. 6A and FIG. 6B show a method of aggregating 
a plurality of display devices in accordance with some 
embodiments. 
0009 Skilled artisans will appreciate that elements in the 
figures are illustrated for simplicity and clarity and have not 
necessarily been drawn to scale. For example, the dimensions 
of some of the elements in the figures may be exaggerated 
relative to other elements to help to improve understanding of 
embodiments of the present invention. 
0010. The apparatus and method components have been 
represented where appropriate by conventional symbols in 
the drawings, showing only those specific details that are 
pertinent to understanding the embodiments of the present 
invention so as not to obscure the disclosure with details that 

Jan. 1, 2015 

will be readily apparent to those of ordinary skill in the art 
having the benefit of the description herein. 

DETAILED DESCRIPTION OF THE INVENTION 

0011 When a plurality of display devices are utilized for 
an aggregate display in which each display device is associ 
ated with a different processor, the manner in which the 
aggregation is accomplished becomes complex. That is, when 
a user is no longer required to provide any manual positioning 
of the display devices, the system must be configured to 
somehow determine the manner in which the entire view is 
properly shown. Remote electronic devices that are autono 
mous (having its own processor) and isolated (self-contained) 
may be utilized as components of a larger system. When these 
electronic devices are co-located, an aggregated display Sur 
face may be provided. For example, the processors may be 
provided a portion of the overall view but position and orien 
tation data is required for the other display devices being used 
for the overall view. As discussed above when the display 
devices are all coupled to a single processor, a conventional 
manner to aggregate a system of display devices that are 
autonomous and isolated requires a user to still manually 
position and orient the display devices. Therefore, the pro 
cessor for each display device is only required to receive the 
portion of the overall view to be shown thereon. 
0012 Those skilled in the art will understand the advan 
tages associated with aggregating display devices associated 
with a respective processor. Specifically, an aggregate display 
system that is specifically designed for such a purpose is no 
longer required. In another example, a larger Surface is pro 
vided for the overall view to be shown. A plurality of tablets 
or laptops may be arranged Such that the overall view may be 
shown thereon. That is, electronic devices having display 
devices that are ordinarily utilized for respective use (e.g., 
wholly inclusive within itself such as personal use) may also 
be utilized for an aggregate use. Accordingly, any electronic 
device having a display device may be included to provide a 
partial area of the overall view. 
0013 The exemplary embodiments of the present inven 
tion provide a system and method for automatically determin 
ing aligned edges for an aggregated display. The system com 
prises a first mobile unit (MU) positioned within a 
predetermined area, the first MU having a plurality of first 
edges. The first MU comprises at least one first active emitter 
disposed along each of the first edges, the first active emitter 
configured to transmit a first edge pattern and a second edge 
pattern; at least one first sensor disposed along each of the first 
edges, the first sensor configured to receive a third edge 
pattern and a fourth edge pattern; a first transceiver config 
ured to transmit first wireless data in a first inter-device com 
munication, the first wireless data being indicative of the first 
edge pattern, the first transceiver configured to transmit sec 
ond wireless data in a second inter-device communication, 
the second wireless data being indicative of the second edge 
pattern; and a first display device. The system comprises a 
second MU positioned within the predetermined area, the 
second MU having a plurality of second edges. The second 
MU comprises at least one second active emitter disposed 
along each of the second edges, the second active emitter 
configured to transmit the third and fourth edge patterns; at 
least one second sensor disposed along each of the second 
edges, the second sensor configured to receive the first and 
second edge patterns; a second transceiver configured to 
receive the first and second wireless data, the first wireless 
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data being further indicative of the third edge pattern, the 
second wireless data being further indicative of the fourth 
edge pattern; and a second display device. The first and sec 
ond active emitters are configured to be activated to transmit 
the first and third edge patterns, respectively, as a function of 
the first inter-device communication Such that, when one of 
the first sensors receives the third edge pattern and one of the 
second sensors receives the first edge pattern, one of the first 
edges in which the one of the first sensors is disposed and one 
of the second edges in which the one of the second sensors is 
disposed are aligned. The first and second active emitters 
disposed on the one of the first edges and the one of the second 
edges, respectively, are configured to be activated to transmit 
the second and fourth edge patterns, respectively, as a func 
tion of the second inter-device communication Such that, 
when the one of the first sensors receives the fourth edge 
pattern and the one of the second sensors receives the second 
edge pattern, the one of the first edges and the one of the 
second edges are verified to be aligned. When the first and 
second MUs are in a verified aligned position, the first and 
second display devices are capable of forming an aggregated 
display. 
0014. The exemplary embodiments may be further under 
stood with reference to the following description and the 
appended drawings, wherein like elements are referred to 
with the same reference numerals. The exemplary embodi 
ments describe a system and method for automatically aggre 
gating a plurality of display devices into a single logical 
display surface. Specifically, each display device is part of a 
respective electronic device including a plurality of compo 
nents. The plurality of components of each electronic device 
may include a transceiver used to communicate with the other 
electronic devices and a set of sensors and emitters used to 
determine an alignment with a further electronic device. Spe 
cifically, the emitter is an active emitter that is controllable to 
transmit a signal that is received by a sensor of the further 
electronic device to determine whether the display devices of 
the electronic devices are properly aligned. The display 
devices, the aggregation thereof, the single logical display 
surface, the electronic device, the transceiver, the emitters/ 
sensors, and related methods will be discussed in further 
detail below. 

0015 The exemplary embodiments provide a manner of 
fully automating an aggregation of display devices of co 
located mobile units (MU) into a single larger display Surface 
that may be used to display a larger image. As will be 
described in further detail below, emitters and sensors are 
integrated into each edge of a housing of each MU to facilitate 
a detection that an edge of a first MU is aligned with an edge 
of a second MU. The MUs communicate with each other such 
that a collaboration is used among the MUs via inter-device 
communication to confirm that edges of the MUs are aligned 
properly. Using the knowledge of which edges of which 
devices are aligned in the aggregation of the display devices 
of the MUs, the single logical display Surface may be pro 
vided. 

0016 FIG. 1 shows a system 100 of mobile units (MU) 
105-145 having respective display devices that are aggre 
gated in accordance with some embodiments. As illustrated, 
the MUs 105-145 may be arranged in a shape that is subse 
quently used to show an overall image across the display 
devices of the MUS 105-145. As will be described in further 
detail below, each MU 105-145 may communicate with adja 
cent MUs to determine whether one of the MUS 105-145 are 
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adjacent to one anotherand, if so, whether the display devices 
are properly aligned and oriented for the aggregate display. 
Accordingly, for the aggregate display to be ultimately pro 
vided, the MU 105 may communicate with MUs 110, 120; the 
MU 110 may communicate with MUs 105,115,125; the MU 
115 may communicate with MUs 110, 130; the MU 120 may 
communicate with MUs 105, 125, 135; the MU 125 may 
communicate with MUs 110, 120, 130, 140, the MU 130 may 
communicate with MUs 115, 125, 145; the MU 135 may 
communicate with MUs 120, 140, the MU 140 may commu 
nicate with MUs 125, 135, 145; and the MU145 may com 
municate with MUs 130,140. It should be noted that given the 
“free space” environment in which the components of each 
MU operates and in which the MUs may be disposed, each 
MU may communicate with further MUs. For example, the 
MU 105 may be within a communicative distance to MU 125. 
However, the methods of the exemplary embodiments may be 
configured such that a communication between the MU 105 
and the MU 125 may determine that these MUs are not 
neighboring MUs. Accordingly, the methods of the exem 
plary embodiments determine which MUs are appropriate 
neighbors by determining the proper position and orientation 
of each MU within the aggregate display. 
(0017 FIG. 1 also shows a server 150. The server 150 may 
also be communicatively coupled to the MUs 105-145 such 
that data may be exchanged. The exemplary embodiments 
provide a first manner of providing the aggregate display in 
which the aggregate display is generated on an autonomous 
device. Specifically, one of the MUs 105-145 may be selected 
as a “master device that coordinates the generation of the 
aggregate display. The exemplary embodiments provide a 
second manner of providing the aggregate display in which 
the aggregate display is generated by the server 150. There 
fore, the server 150 serves a substantially similar functional 
ity as the “master device of the first manner. The first and 
second manner of aggregation therefore utilizes a “master” or 
controlling device. 
0018. In the first manner using the autonomous device 
based display aggregation, each device may be supplied with 
local content that it presents or shows on its respective local 
display device. That is, each MU 105-145 is provided the 
data. The MUs 105-145 may communicate with each other to 
determine cooperatively how the display devices of the MUs 
105-145 are to be properly aggregated. When a sufficient 
degree of aggregation has been detected, one of the MUs 
105-145 may be designated as the “master” device to be 
responsible of the single larger display Surface to be formed 
by the display devices that have been aggregated. Therefore, 
the “master” device may direct all aggregated display devices 
to present a portion of the overall view previously presented 
on the local display device of the “master device (as received 
in the first step above), thereby resulting in the content of the 
“master device to be shown on the larger logical display 
Surface of the aggregated display. 
0019. In the second manner using the server-based display 
aggregation, each device may be communicatively coupled to 
the server. That is, the MUs 105-145 are all in communication 
with the server 150 which directs each MU 10-145 to present 
independent content (e.g., portion of overall view) on its local 
display device. The MUs 105-145 may again communicate 
with each other. However, in the second manner, the MU 
105-145 generate position and orientation data and transmit 
this data to the server 150 to be used to determine how the 
display devices of the MUs 105-145 are to be properly aggre 
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gated. The server 150 may determine when a sufficient degree 
of aggregation has been achieved based upon the received 
data Such that a single larger logical display Surface is formed 
by the display devices of the MUs 105-145. The server 150 
may then provide a respective portion of the overall view that 
is to be shown on each display device of the MUs 105-145. 
0020. As discussed above, each of the MUs 105-145 may 
be configured to communicate with each other in a collabo 
rative effort. Accordingly, each MU 105-145 may include a 
plurality of components to enable this communication with 
relevant data related to the aggregated display. FIG. 2 shows 
components of a MU 200 which represents the MUs 105-145 
of the system 100 of FIG. 1 in accordance with some embodi 
ments. The MU 200 may include a processor 205, a memory 
arrangement 210, a display device 215, a transceiver 220, a 
plurality of emitters 225, a plurality of sensors 230, and other 
components 235. The other components 235 may be a por 
table power Supply, coupling contacts, an audio output com 
ponent, audio input component; etc. 
0021. The MU 200 may be any electronic device config 
ured to communicate with other electronic devices and 
including the display device 215. For example, the MU 200 
may be a laptop, a cellular phone, a Smartphone, a personal 
digital assistant, a tablet, a barcode scanner, etc. The proces 
sor 205 may provide conventional functionalities such as 
executing a plurality of applications. Specifically, the proces 
sor 205 may be configured to provide the functionalities of a 
“master device (when the first manner of display aggrega 
tion is performed). The memory 210 may also provide con 
ventional functionalities such as storing the applications and 
other related data. Specifically, when the MU 200 is perform 
ing the functionalities of the “master device, the MU 200 
may store the position and orientation data from the other 
MUS. 

0022. The display device 215 may provide conventional 
functionalities in which image data is shown on a Surface 
thereof. The display device 215 may be disposed relative to 
the components of the MU 200 such that the surface of the 
display device 215 occupies at least a portion of a face of a 
housing of the MU 200. For example, if the housing of the 
MU 200 is substantially a rectangular solid, the display 
device 215 may be disposed such that the surface is exposed 
on one of the six faces of the housing. The exposed surface of 
the display device 215 in which image data may be shown 
thereon may occupy a predetermined percentage of an overall 
area of the face of the housing. Since the MUs 105-145 
(represented in MU 200) are to be used in an aggregated 
display, the exposed surface of the display device 215 may 
occupy an entirety of the area of the face of the housing. 
Depending on the other faces of the housing, this may allow 
the MUs 105-145 to be positioned such that the display 
devices 215 are adjacent one another with no significant gap 
therebetween. Accordingly, this provides an effect in which 
the overall view of the aggregated display may be seen by a 
viewer with no noticeable discontinuities between the MUs 
105-145. In another example, the exposed surface of the 
display device 215 may occupy a significant majority of the 
face of the housing such that the housing itself of each MU 
105-145 creates a negligible discontinuity in the overall view. 
This may relate to all sides of the face since it is possible that 
one of the MUs 105-145 may be in a position in which 
adjacent MUs are positioned on every side (when rectangu 
lar). For example, MU 125 is positioned in the aggregation in 
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which MUs 110, 120, 130, 140 are each positioned on a 
respective side of the MU 125. 
0023 The display device 215 may be physically config 
ured in a variety of manners. That is, the surface of the display 
device 215 on which image data is to be shown may have any 
shape. To minimize discontinuity areas in the aggregation 
between MUs 105-145, the housing and an overall shape of 
the MUs 105-145 may also coincide with the shape of the 
display device 215. FIG. 3A-FIG. 3C show different shapes 
of the MU200 that represents the MUs 105-145 of the system 
100 of FIG. 1 in accordance with some embodiments. For 
example, as shown in FIG.3A, the MU 200 may have a shape 
300 that is substantially square. Accordingly, the display 
device 215 may also have an exposed surface that is substan 
tially square. In another example, as shown in FIG. 3B, the 
MU 200 may have a shape 310 that is substantially rectangu 
lar. Accordingly, the display device 215 may also have an 
exposed surface that is substantially rectangular. However, 
those skilled in the art will understand that a quadrilateral 
shape is only exemplary. As shown in FIG. 3C, the MU 200 
may have a shape 315 that is substantially triangular (shown 
as equilateral but may also be isosceles or scalene). Accord 
ingly, the display device 215 may also have an exposed Sur 
face that is Substantially triangular. Other shapes may also be 
used Such as pentagonal, hexagonal, etc. The exemplary 
embodiments may utilize any shape in which edges exist 
along the MU. It should be noted that the display device 215 
having a Substantially similar shape as the housing of the MU 
200 is only exemplary. The shape of the exposed surface of 
the display device 215 and the housing of the MU 200 may be 
different. For example, the shape of the housing of the MU 
200 may be substantially trapezoidal. However, the exposed 
surface of the display device 215 may be rectangular. It 
should also be noted that the MUs 105-145 being the same 
shape and size is only exemplary. As will be discussed in 
further detail below, the MUs 105-145 may be of any shape 
and any size and the exemplary methods are configured to 
incorporate different shape/size MUs into the aggregate dis 
play. 
0024. It should be noted that the use of the MU is only 
exemplary. The exemplary embodiments relate to aggregat 
ing display devices. Accordingly, the MU may represent any 
electronic device that includes or is coupled to a display 
device. For example, the MU described herein may represent 
each of a plurality of terminals that are respectively coupled 
to a monitor. The monitors may be then be aggregated. 
0025. Returning to FIG. 2, the transceiver 220 may pro 
vide conventional functionalities in which data is transmitted 
and received with a further electronic device. According to 
the exemplary embodiments, the transceiver 220 may be con 
figured to communicate with other electronic devices that are 
involved in the aggregate display. Accordingly, since the MUs 
105-145 are co-located and within a relatively small distance 
from one another, the transceiver 220 may be a short range 
transceiver Such as one utilizing a BlueTooth technology. If 
the server 150 is also co-located, the short range transceiver 
220 may also communicatively exchange data with the server 
150. However, it should be noted that the transceiver 220 may 
also be a long range transceiver Such as one utilizing WiFi 
technology (e.g., IEEE 802.11a/b/g/n/ac technology or any 
other wireless communication technology). For example, 
when the server 150 is remotely located at least a distance that 
is outside the range of the short range transceiver, the trans 
ceiver 220 may still be configured to communicatively 
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exchange data with the server 150. Accordingly, the trans 
ceiver 220 may represent a transceiver arrangement in which 
a first portion or first transceiver may enable short range 
communication while a second portion or second transceiver 
may enable long range communication. 
0026. The emitters 225 may be active emitters that are 
controlled by the processor 205 regarding when to activate 
and the manner in which to activate. Specifically, the proces 
sor 205 determines the type of signal that is transmitted from 
the emitters 225. The emitters 225 may be any type of com 
ponent configured to transmit a signal. For example, the emit 
ters 225 may be a magnetic or inductive type, an optical signal 
generator, an audio signal generator, may utilize electrical 
contacts, etc. The sensors 230 may be corresponding types to 
the emitters 225. The sensors 230 are configured to receive 
the signal transmitted from the emitters 225. Accordingly, the 
sensors 230 may also be of a magnetic or inductive type, an 
optical signal receiver, an audio signal receiver, correspond 
ing electrical contacts, etc. Through the emitters 225 and the 
sensors 230, a determination of whetheraproper alignment of 
the edges of the MUs has been achieved may be provided as 
well as a relative proximity of the edges of the MUs to one 
another. The emitters 225 and the sensors 230 will be 
described in further detail below. 
0027. The aggregate display including a plurality of dis 
play devices 215 may be arranged in a variety of different 
overall shapes. FIG. 4A-FIG. 4D show different aggregation 
configurations for the system 100 of FIG. 1 in accordance 
with some embodiments. In FIG. 1, an overall shape may be 
substantially rectangular. Specifically, nine total MUs 105 
145 are used in the aggregate display. Accordingly, the MUS 
105-145 may be arranged in three columns and three rows to 
create the Substantially rectangular aggregate display. In FIG. 
4A, an overall shape 405 may also be substantially rectangu 
lar. Each of the MUs involved in the aggregate display may 
also be substantially rectangular in a similar manner as FIG. 
1. However, FIG. 4A illustrates that the MUs are not required 
to all be oriented in a substantially similar manner. That is, 
two MUs are positioned along their length while one MU is 
positioned along its height. In FIG. 4B, an overall shape 410 
may be substantially a diamond shape. If rotated 45°, the 
overall shape 410 may represent a Substantially similar shape 
as that of FIG. 1 and FIG. 4A (substantially rectangular). FIG. 
4B illustrates that the MUs are not required to be positioned at 
right angles. The orientation of the MUs will be discussed in 
further detail below. In FIG. 4C, an overall shape 415 may be 
a Substantially quadrilateral shape or trapezoidal shape. As 
discussed above, the MUs and/or the display devices may 
have different shapes. In FIG. 4C, each of the MUs have a 
Substantially triangular shape. By positioning the MUs as 
illustrated, the overall shape 415 may be a substantially quad 
rilateral shape. If one end MU is removed, the overall shape 
415 may be changed to a Substantially trapezoidal shape. 
Further MUs may be introduced such that the overall shape 
415 may further be changed such as into a substantially tri 
angular shape. In FIG. 4D, an overall shape 420 may be a 
substantially cross shape. FIG. 4D illustrates that edges of the 
MUs may be aligned in a variety of manners using any per 
mutation. 

0028. As discussed above, the display devices 215 and/or 
the MU 200 itself may be of various shapes and sizes. The 
methods of the exemplary embodiments provide for a manner 
of utilizing MUs having Substantially similar shapes and sizes 
as well as MUs having different shapes and sizes to be 
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included in the aggregate display. The MU 200 is configured 
to communicate with the other MUs of the aggregate display 
as well as a “master” device which may be designated among 
the MUs of the aggregate display (first manner of aggrega 
tion) or may be to a server (e.g., server 150) (second manner 
of aggregation). When communicating with the “master” 
device, the MUs may indicate the shape and size of the 
respective display device. Furthermore, the MUs may indi 
cate the shape and size of the housing, the relative positions of 
the emitters/sensors within the housing, etc. In this way, the 
“master device is aware of the shapes/sizes of the relative 
components of the MUs as well as their disposition/orienta 
tion in order to determine the aggregate display appropriately. 
Also as discussed above, the display devices 215 and/or the 
MU 200 may be oriented at different angles. The other com 
ponents 230 of the MU 200 may therefore include compo 
nents to determine orientation. For example, a magnetometer 
(e.g., a compass), an accelerometer (e.g., 3-axis), ambient 
light sensor, a camera, etc. may be used to determine a relative 
orientation of the MU 200. This orientation data may also be 
transmitted to the “master device. In this manner, the shape 
of the display device 215, the size of the display device 215, 
the orientation of the display device 215, and the aforemen 
tioned proximity of the edges of adjacent MUs may be known 
by the “master device. 
0029. It should be noted that the exemplary embodiments 
for aggregating displays relate to satisfying a set of criteria to 
determine whether the plurality of display devices are suffi 
cient for aggregation. A first criterion may be whether there 
are discontinuities. The discontinuity may relate to whether a 
space or gap exists between the display devices but may also 
relate to whether the display devices are aligned. As discussed 
above, the display device 215 may be sized and shaped such 
that little to no discontinuity exists with an adjacent display 
device. However, the exemplary methods may utilize a pre 
determined discontinuity value (e.g., within 10 mm with a 
variance of no more than 2 mm) to determine whether an 
existing discontinuity renders the aggregate display insuffi 
cient. The methods of the exemplary embodiments relate 
initially to aligning edges of the MUs. However, the display 
device 215 may not share a common orientation with the 
edges of the MU. Accordingly, the edges of adjacent display 
devices 215 may not necessary align when the edges of adja 
cent MUs 200 align. The exemplary methods incorporate any 
discontinuity that may exist in determining whether a suffi 
cient aggregate display may be provided. 
0030. A second criterion may be whether an overall shape 
of the aggregate display is sufficient. That is, certain shapes of 
the aggregate display may be outside predetermined toler 
ances. A first consideration for the second criterion is whether 
the orientation of the MUs 200 are outside an orientation 
tolerance (e.g., 0°, 90°, 180°, 270° all of which are +5°). For 
example, when the MUs and the display devices have a sub 
stantially rectangular shape, an acceptable orientation of the 
MUs is along rightangles. If the MUs are positioned such that 
the display devices are Slanted, such an orientation may lie 
outside the orientation tolerance. A second consideration for 
the second criterion is whether the alignment is outside an 
alignment tolerance (e.g., 95% or better alignment). For 
example, if identically shaped and sized MUs are positioned 
adjacent each other but offset (e.g., one MU is higher than the 
other MU), the edges may be aligned but only along a portion 
of an overall length of the edge. When the MUs are offset by 
more than a predetermined amount, the alignment may be 
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outside the alignment tolerance. A third consideration for the 
second criterion is whether the overall shape itself is accept 
able. For example, any overall shape in which there is a hole 
or major discontinuity may be unacceptable for the aggregate 
display. A U-shape formed by the MUs has a major discon 
tinuity while a D-shape formed by the MUs has a hole therein. 
Such shapes may be considered outside a continuity toler 
ance. In another example, the overall shape may not include a 
hole or major discontinuity but may still be unacceptable for 
the aggregate display. For example, if the MUs have a Sub 
stantially triangular shape and the MUs are arranged in a 
substantially trapezoidal shape, if the overall shape should be 
oriented such that one of the non-parallel sides is a bottom 
side, this overall shape may be considered unacceptable. A 
fourth consideration for the second criterion is a total number 
of display devices. Although a maximum number of display 
devices may not exist for the exemplary embodiments, if only 
one or two display devices are present, such a scenario may be 
unacceptable for the aggregate display. In this respect, the 
exemplary methods incorporate this data in determining 
whether a Sufficient aggregate display may be provided. 

0031. It should be noted that the above criteria may relate 
to a given moment in time. That is, each criterion may be for 
generating the aggregate display with regard to a particular 
rendering of the aggregate display. However, a further crite 
rion that may be considered in generating the aggregate dis 
play is a temporal factor. For example, the image to be shown 
on the aggregate display may be dynamic. That is, a first 
image may be shown on the aggregate display for a predeter 
mined amount of time followed by a second image, etc. 
Accordingly, with each image or types of image (e.g., size of 
image), the aggregate display may be updated accordingly. 
For each rendering of an image on the aggregate display, the 
above criteria may be utilized. Furthermore, with each image 
utilizing a respective aggregate display for the predetermined 
amount of time, the system may consider the temporal factor. 
For example, the display devices may be moved in a prede 
termined pattern or as a function of a set of images to be 
shown. When this occurs, the system may consider when the 
display devices are aggregated for a predetermined minimum 
amount of time. When the display devices have been deter 
mined to be aggregated for the predetermined amount of time, 
then the image may be shown thereon. By incorporating the 
temporal factor, this may eliminate confusion or rendering of 
incoherent partial images on each display device. 
0032. It should also be noted that the display devices may 

utilize an “alignment image' which is indicative of whether 
two adjacent display devices are properly aligned. That is, the 
“alignment image' may be shown on these two adjacent 
display devices. Accordingly, the “alignment image' may 
provide positive feedback that the display devices are indeed 
properly aligned. Furthermore, when two adjacent display 
devices are partially aligned (i.e., Sufficient for alignment but 
not properly aligned), a different "misalignment image' may 
be shown on these display devices. Accordingly, the "mis 
alignment image' may provide negative feedback that the 
display devices are not properly aligned. This negative feed 
back may be indicative that the display devices or the MUs 
with these display devices require a physical adjustment Such 
that a proper alignment is achieved. The negative feedback 
may also include constructive feedback Such as a manner in 
which the MUs should be physically adjusted. For example, 
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the portion of the "misalignment image' shown on a first 
display device may include arrows indicating how the MU 
should be moved. 

0033 FIG. 5 shows two MUs 500, 550 representative of 
two of the MUs 105-145 of the system 100 of FIG. 1 deter 
mining an alignment for the aggregation in accordance with 
some embodiments. The MUs 500, 550 may have a substan 
tially rectangular shape in which a display device is disposed. 
Specifically, the MU500 may include the display device 505 
while the MU 550 may include the display device 555. As 
discussed above, the MUs 500,550 may include a plurality of 
emitters 225 and a plurality of sensors 230. Since the edges of 
the MUs 500, 550 are to be aligned with each other and 
potentially with further MUs, a pair of one emitter and one 
sensor may be disposed on each edge. As shown in FIG. 5, the 
emitters 225 and the sensors 230 may be disposed near an 
edge of the MU, specifically between the display device and 
the edge. Specifically, the MU 500 may include a sensor 510 
and an emitter 515 on a first side (long right side), a sensor 520 
and an emitter 525 on a second side (short bottom side), a 
sensor 530 and an emitter 535 on a third side (long left side), 
and a sensor 540 and an emitter 545 on a fourth side (short top 
side). However, it should be noted that the sensors and the 
emitters being disposed between the edge and the display 
device is only exemplary and shown only for illustrative 
purposes. As there is a third dimension to the MUs 500, 550, 
the sensors and the emitters may be disposed underneath the 
display devices. It should also be noted that the pair including 
only a single emitter and a single sensor is only exemplary as 
further emitters and further sensors may be disposed along a 
single edge. In a substantially similar manner as the MU 500, 
the MU 550 may include a sensor 560 and an emitter 565 on 
a first side (long right side), a sensor 570 and an emitter 575 
on a second side (short bottom side), a sensor 580 and an 
emitter 585 on a third side (long left side), and a sensor 590 
and an emitter 595 on a fourth side (short top side). 
0034. According to the exemplary embodiments, a pair of 
MUs 500, 550 may communicate between each other to 
determine whether an edge of the first MU500 is aligned with 
an edge of the second MU 550. As shown in FIG. 5, the right 
edge of the MU 500 may be aligned with the left edge of the 
MU 500. To determine if the edges are properly aligned, the 
emitter 515 may be activated to transmit a signal that is to be 
received by the sensor 580 while the emitter 585 may be 
activated to transmit a signal that is to be received by the 
sensor 510. The MUs 500, 550 may determine whether a 
proper alignment exists based upon the receiving of the sig 
nals and inter-device communication. Specifically, the trans 
ceiver of the MUs 500,550 may indicate to one another when 
a signal is to be transmitted on its respective emitter. When the 
other MU500,550 receives the signal, the MUs 500,550 may 
be aware of orientation, proximity, etc. between the MUs 500, 
550. For example, a signal strength or time to receive the 
signal may be used as a basis to determine the orientation and 
proximity of the edges. If the above noted criteria have been 
satisfied, the MUs 500, 550 may determine that the edges 
thereof are properly aligned for the aggregate display. It is 
noted that the exemplary embodiments further provide a man 
ner for the MUs 500, 550 to determine which edges are 
aligned prior to verifying that the edges are properly aligned. 
0035. The type of signal to be transmitted via the emitters 
may be dependent on a variety of factors. In a first example, 
the type of emitter may indicate the type of signal to be 
transmitted. Thus, an optical emitter may transmit a laser 
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while an audio emitter may transmit a Sound. In a second 
example, between common types of emitters, the signal may 
also vary. Thus, a first optical emitter may transmit a laser 
using a first frequency (or pulse) while a second optical emit 
ter may transmit a laser using a second frequency (or pulse). 
The MUs 500, 550 may communicate between each other to 
indicate the type of signal that will be transmitted such that 
the other MU 500, 550 may properly determine whether the 
edges of the MUs 500,550 (and not a further MU) is properly 
aligned. Each pair of MUs of the system may perform the 
above manner of determining proper alignment to ultimately 
determine the aggregate display. 
0036. As the exemplary methods relate to a plurality of 
display devices and respective MUs, the timing of the trans 
mission of signals may also vary. In a first example, if the type 
of emitter is common throughout all the MUs and only a 
single type of signal is utilized, the MUs may coordinate Such 
that only two MUs at a given time are determined to be 
properly aligned. In a second example, if the type of emitteris 
different (e.g., top and bottom emitters utilize a first emitter 
while the left and right emitters utilize a second emitter), the 
MUs may coordinate such that different pairs of MUs are 
determined to be properly aligned. In a third example, if 
different types of signals are utilized (e.g., different frequen 
cies), the MUs of the entire system may transmit signals 
concurrently to decrease an overall time required to deter 
mine whether pairs of edges from two different MUs are 
properly aligned. 
0037. The exemplary embodiments provide an automatic 
manner of determining an aggregate display based upon 
active emitters, sensors, and collaboration between the MUs. 
The MUs may be positioned manually by a user in a given 
space Such that the MUs are co-located. A command may then 
be transmitted to the MUs to initiate the display aggregation. 
0038 An initial step in determining proper edge alignment 
with adjacent MUs is determining the identities of the MUs. 
As discussed above, the MU 200 (and therefore the MUs 
105-145) may include the transceiver 220. The transceiver 
220 of a first MU may utilize any known discovery process to 
determine the co-located MUs. For example, a probe request 
may be broadcast radially. MUs within range of the broadcast, 
specifically co-located ones, may receive the probe request 
and transmit a probe response. In this manner, the transceiver 
220 of the MU 200 may receive the probe responses to deter 
mine the co-located MUs. It should be noted that the discov 
ery process may be performed in a variety of manners. In a 
first exemplary discovery process, a first MU may transmit a 
probe request. In a specific scenario, with four total MUs, a 
first MU may broadcast the probe request and receive three 
probe responses from the other MUs. Thus, the first MU is 
aware that three other MUs are co-located. The first MU may 
then transmit a data packet to the three other co-located MUs 
indicating the presence of all co-located MUs. To guarantee 
the discovery of all co-located MUs, every other MU may 
repeat this process. If a data packet indicates a discrepancy 
from other data packets, this may indicate an erroneous dis 
covery or may be indicative of a relative distance (if the probe 
request does not reach the MU of the discrepancy). In a 
second exemplary discovery process, the server 150 may 
broadcast a probe request in a general vicinity in which the 
MUs are co-located and receive a probe response from these 
co-located MUs. The server 150 may subsequently broadcast 
a data packet to the co-located MUs indicating the existence 
of all the co-located MUs. It should be noted that each MU 
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also includes the processor 205. The processor 205 may be 
configured to execute a detection application that performs 
the above noted step of discovering the other co-located MUs. 
0039. The following description relates to determining the 
sufficiency of the edge alignment between the MU 125 and 
the MU 130. That is, the right edge of the MU 125 aligns with 
the left edge of the MU 130. Accordingly, the exemplary 
embodiment of FIG. 5 will be used in the following descrip 
tion in which the right edge of the MU500 aligns with the left 
edge of the MU550. Therefore, the MU 125 of the system 100 
of FIG. 1 corresponds to the MU500 of FIG.5 while the MU 
130 of the system 100 of FIG. 1 corresponds to the MU550 of 
FIG.S. 

0040 Since the MU500 and the MU 550 have discovered 
each other or are aware of each other's presence in the co 
located area, the MU500 and the MU 550 may then commu 
nicate with each other to determine which edges are aligned 
for these two MUs. The MUs 500, 550 may communicate 
with one another and determine an edge detection pattern to 
be used via the emitters 515, 525, 535,545 and the emitters 
565, 575,585,595, respectively. That is, the edge detection 
pattern is transmitted on some or all emitters of both MUs 
500, 550. As discussed above, the emitters may utilize a 
particular type of signal or a particular form of signal. The 
types and forms of the signals will be discussed in further 
detail below. It should be noted that the edge detection pattern 
for the emitters may be the same or may also be different. For 
example, if a common edge detection pattern is utilized, 
select emitters may be activated such that the identity of 
aligned edges may be determined. In another example, if 
different edge detection patterns are utilized, the emitters may 
be activated concurrently since sensors are configured to 
receive a known edge detection pattern. Thus, the edges may 
be determined to be aligned only if the intended, known edge 
detection patter is received. In yet another example, the MUs 
may utilize a sequence through the emitters serially with a 
common or different edge detection pattern. It is noted that so 
long as the MUs operate collaboratively through inter-device 
communication, the emitters and sensors may be utilized 
using any manner of common or different edge detection 
patterns. Upon determining the edge detection pattern, the 
emitters may be activated by the processor of the MUs 500, 
550. 

0041. In a first outcome, if either the MU 500 or the MU 
550 determine that the edge detection pattern is not received 
on the any of the sensors 510,520,540, 540 of the MU500 or 
the sensors 560,570,580,590 of the MU 550, then the MUs 
500, 550 may conclude that the edges are not aligned. In fact, 
the MUs 500, 550 may reasonably conclude that these MUs 
are not even adjacent. 
0042. In a second outcome, if either the MU500 or the MU 
550 determines that the edge detection pattern is received on 
more than one sensor, the MUs 500, 550 may determine that 
a different edge detection pattern is required. Specifically, 
there may be interference from the other co-located MUs that 
causes the selected edge detection pattern to be received on 
multiple sensors. For example, the MU 110 or the MU 140 of 
the system 100 (when related to MUs 125, 130) may cause 
interference. Accordingly, multiple sensors of either the MUs 
500, 550 may receive the edge detection pattern. Therefore, 
the MUs 500, 550 may again communicate to determine a 
further edge detection pattern to be used. The further edge 
detection pattern may be used in a substantially similar man 
ner as the first selected edge detection pattern. As the type of 
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emitters and sensors used may relate to different forms of 
interference as well as the likelihood that interference is 
present, using further edge detection patterns in this manner 
may verify with greater accuracy that the edges are aligned 
and may also eliminate possible false positives. 
0043. In a third outcome, if both the MU 500 and the MU 
550 determine that the edge detection pattern is received on a 
single respective sensor (and only one sensor), then the MUS 
500, 550 may determine which edges are likely to be aligned. 
That is, the MUs 500, 550 may determine that the right edge 
of the MU 500 is aligned with the left edge of the MU 550. 
0044) Thus, when considering the MUs 105-145 of the 
system 100 of FIG. 1, the MUs 105-145 may utilize the edge 
detection pattern to determine adjacent MUs and also the 
edges that are likely to be aligned. For example, the MU 125 
may determine that the neighboring MUs include MUs 110. 
120, 130, 140. The MU 125 may also determine that a top 
edge is aligned with a bottom edge of the MU 110, a left edge 
is aligned with a right edge of the MU 120, a right edge is 
aligned with a left edge of the MU 130, and a bottom edge is 
aligned with a top edge of the MU 140. In another example, 
the MU 105 may determine that the neighboring MUs include 
MUs 110, 120. The MU 105 may also determine that a right 
edge is aligned with a left edge of the MU 110 and a bottom 
edge is aligned with a top edge of the MU 120. 
0045. Once the MUs 500, 550 have determined that these 
MUs are adjacent one another and which edges are aligned, 
the MUs 500, 550 may again communicate with one another 
to verify that the right edge of the MU500 is aligned with the 
left edge of the MU 550. The MUs 500, 550 determine an 
edge verification pattern to use on the emitters of the edges 
that are aligned. Therefore, the edge verification pattern is 
transmitted on the emitters 515,585. If properly aligned, the 
sensors 510,580 should receive the edge verification pattern 
from the emitters 585,515, respectively. It should be noted 
that the edge verification pattern may also be used in a Sub 
stantially similar manner as the edge detection pattern, par 
ticularly regarding a timing issue. For example, when differ 
ent patterns are used, the edge verification pattern may be 
utilized at a similar time that a different edge verification 
pattern is used for different edges (with a further MU) or at a 
similar time that an edge detection pattern is used. Through 
the inter-device communications between the MUs, the col 
laboration may enable the various different patterns to be 
utilized, concurrently, at different times, serially, etc. It 
should be noted that the edge detection pattern may be a 
pattern that is more appropriately used for detecting aligned 
edges while the edge verification pattern may be a pattern that 
is more appropriately used for verifying as well as determin 
ing Sufficiency in the edges being aligned. For example, the 
edge detection pattern may be an easily recognizable pattern 
that is readily distinguishable from other patterns (when mul 
tiple different patterns are used). In another example, the edge 
Verification pattern may use simpler patterns that enable a 
more fine-grained detection Such as based on signal strength 
which is easier to determine for less variable signals. 
0046. In a first outcome, one or both of the sensors 510, 
580 may not receive the edge verification pattern. If both the 
sensors 510,580 indicate that the edge verification pattern is 
not received, the MUs 500, 550 may conclude that the edges 
are not aligned. However if only one of the sensors 510,580 
indicate that the edge verification pattern is not received, the 
MUs 500, 550 may still conclude that the edges are not 
aligned. For example, the MUs 500, 550 may be adjacent one 
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another. However, the orientation of the MU 550 may be 
different from the orientation of the MU 500 (e.g., the MUs 
500, 550 are not positioned on a common plane). Therefore, 
if the MU 550 is positioned to be angled downward on its 
bottom edge with respect to the MU500, the sensor 510 may 
still receive the edge detection pattern from the emitter 585. 
However, the sensor 580 may not receive the edge detection 
pattern from the emitter 515. As discussed above, an orienta 
tion tolerance is one criterion to determine the sufficiency of 
edge alignment. When the sensor 580 does not receive the 
edge detection pattern, this may indicate that the MUs 500, 
550 are outside the orientation tolerance. 

0047. In a second outcome, both sensors 510, 580 may 
receive the edge verification pattern from the emitters 585, 
515, respectively. When this occurs, the MUs 500, 550 may 
have verified that the right edge of the MU 500 is properly 
aligned with the left edge 550. It should be noted that the 
above described criteria may be also be assessed when the 
sensors 510, 580 receive the edge verification pattern. For 
example, if an audio emitter is used, the emitters 515, 585 
may transmit an audio signal having the selected edge veri 
fication pattern. If the sensors 510, 580 receive the audio 
signal but the sensors 510,580 also measure a signal strength 
(e.g., decibel level), the signal strength should be substan 
tially similar if the edges are properly aligned. When a dis 
crepancy in the signal strength is outside a predetermined 
tolerance, the MUs 500,550 may still conclude that the edges 
are not properly aligned despite the sensors 510,580 receiv 
ing the edge verification pattern. 
0048. Accordingly, the MUs 500,550 may determine edge 
alignment using the above described steps. Specifically, a first 
step is establishing a communicative connection for inter 
device communication. A second step may be detecting edges 
that are aligned between the MUs 500, 550. Therefore, an 
edge detection pattern may be selected by the MUs 500,550. 
The edge detection pattern may be transmitted on all emitters 
of both MUs. When the edge detection pattern is received on 
only sensor of both MUs, the edges that are aligned may be 
determined. Thus, a third step may be verifying that the 
detected edges are aligned. Therefore, an edge verification 
pattern may be selected by the MUs 500, 550. The edge 
verification pattern may be transmitted on the emitters of the 
detected edges. When the edge verification pattern is received 
on only the sensor of the detected edges, the edges may be 
determined to be aligned. In a fourth step, the MUs 500, 550 
may determine a sufficiency of the verified edges. Specifi 
cally, the above noted criteria may be analyzed to determine 
that the verified edges are indeed properly aligned to a degree 
Sufficient for display aggregation. 
0049. As discussed above, the emitters and the sensors 
may be of a variety of different types. Specifically, the emit 
ters may be active emitters that may be activated or deacti 
vated in a known manner based upon signals received from 
the processor. For example, the emitters may be electromag 
nets while the sensors may behall effect sensors; the emitters 
may be optical emitters while the sensors may be optical 
sensors; the emitters may be audio emitters while the sensors 
may be audio sensors; the emitters may be electrical contacts 
while the sensors may be electrical connectors; etc. The fol 
lowing provides how these different forms of emitters/sen 
sors are used for the above described edge alignment. 
0050. In a first example, the emitters may be electromag 
nets while the sensors may be hall effect sensors. The hall 
effect sensors may be configured to determine when the elec 
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tromagnet is within a close proximity. As an electromagnet, 
those skilled in the art will understand that this is an active 
emitter as the magnetic field generated thereby may be acti 
vated or deactivated. Thus, the emitters 515,525,535,545 of 
the MU 500 and the emitters 565, 575,585,595 of the MU 
550 may be electromagnets while the sensors 510,520, 530, 
540 of the MU 500 and the sensors 560,570,580,590 of the 
MU 550 may be hall effect sensors. Assuming the inter 
device communication is established, the electromagnets of 
the MUs 500, 550 may be activated using the edge detection 
pattern. Subsequently, the electromagnets of the MUs 500, 
550 for the detected edges may be activated using the edge 
Verification pattern. The edge detection pattern or the edge 
Verification pattern may be, for example, a strength of the 
field, a pattern of on/off detections, etc. 
0051. In a second example, the emitters may be optical 
emitters while the sensors may be optical sensors. The optical 
sensors may be configured to receive an optical signal from 
the optical emitters. As an optical emitter, those skilled in the 
art will understand that this is an active emitter as the optical 
signal generated thereby may be activated or deactivated. 
Thus, the emitters 515,525,535,545 of the MU 500 and the 
emitters 565, 575, 585,595 of the MU 550 may be optical 
emitters while the sensors 510,520, 530,540 of the MU 500 
and the sensors 560,570, 580,590 of the MU 550 may be 
optical sensors. Assuming the inter-device communication is 
established, the optical emitters of the MUs 500, 550 may be 
activated using the edge detection pattern. Subsequently, the 
optical emitters of the MUs 500, 550 for the detected edges 
may be activated using the edge verification pattern. The edge 
detection pattern or the edge verification pattern may be, for 
example, emissions in different frequencies, a sequence of 
frequencies, a pattern of on/off detections, etc. 
0052. In a third example, the emitters may be audio emit 

ters while the sensors may be audio sensors. The audio sen 
sors may be configured to receive an audio signal from the 
audio emitters. As an audio emitter, those skilled in theart will 
understand that this is an active emitter as the audio signal 
generated thereby may be activated or deactivated. Thus, the 
emitters 515,525,535, 545 of the MU 500 and the emitters 
565, 575, 585,595 of the MU 550 may be audio emitters 
while the sensors 510,520, 530, 540 of the MU 500 and the 
sensors 560, 570, 580, 590 of the MU 550 may be audio 
sensors. Assuming the inter-device communication is estab 
lished, the audio emitters of the MUs 500, 550 may be acti 
vated using the edge detection pattern. Subsequently, the 
audio emitters of the MUs 500, 550 for the detected edges 
may be activated using the edge verification pattern. The edge 
detection pattern or the edge verification pattern may be, for 
example, emissions in different frequencies, a sequence of 
frequencies, a pattern of on/off detections, etc. 
0053. In a fourth example, the emitters may be electrical 
contacts while the sensors may be electrical connectors. The 
electrical connectors may be configured to receive a connec 
tion signal from the electrical contacts. As an electrical con 
tact, those skilled in the art will understand that this is an 
active emitter as the connection signal generated thereby may 
be activated or deactivated. Thus, the emitters 515,525,535, 
545 of the MU 500 and the emitters 565, 575,585,595 of the 
MU 550 may be electrical contacts while the sensors 510, 
520, 530, 540 of the MU 500 and the sensors 560,570,580, 
590 of the MU 550 may be electrical connectors. Assuming 
the inter-device communication is established, the electrical 
contacts of the MUs 500, 550 may be activated using the edge 
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detection pattern. Subsequently, the electrical contacts of the 
MUs 500, 550 for the detected edges may be activated using 
the edge verification pattern. The edge detection patternor the 
edge verification pattern may be, for example, a physical 
contact between the electrical contacts and the electrical con 
nectOrS. 

0054 FIGS. 6A and 6B show a method 600 of aggregating 
a plurality of display devices in accordance with some 
embodiments. The method 600 relates to an overall manner to 
determine an aggregation for all co-located MUs having 
respective display devices. The method 600 further relates the 
two above described manners of aggregation in which a "mas 
ter” device (herein “controlling device') is utilized, in which 
the controlling device is one of the MUs of the system or a 
separate server. The method 600 will be described with ref 
erence to the system 100 of FIG. 1, the components of the MU 
200 of FIG. 2, and the emitters/sensors of the MUs of FIG. 5. 
It should be noted that it may be assumed that the MUs 
105-145 have been manually positioned prior to the method 
600 starting. It may also be assumed that the MUs 105-145 
may be re-positioned manually at any given time. 
0055 Depending on the manner of aggregation, a first 
optional step 605 may be to provide an image for the overall 
view to each MU. Specifically, when the controlling device is 
selected as one of the MUs 105-145 of the system 100, the 
image may be provided to each MU. However, when the 
controlling device is the server 150, the image may not be 
provided to each MU in a preliminary step. 
0056. In step 610, two MUs detect an edge alignment 
between each other. That is, the processor 205 of the MU 200 
executes the edge alignment application to determine 
whether a proper alignment of detected edges exist between 
the two MUs. Accordingly, in a first process, the two MUs 
may establish a communicative link Such that they are con 
figured to communicate with one another via the transceiver 
215. 

0057. In step 615, a determination is made whether there 
are aligned edges between the two MUs. For example, with 
the MUs 500, 550 of FIG. 5, these MUs communicate with 
one another and determine an edge detection pattern. All the 
emitters for both MUs 500, 550 may transmit the edge detec 
tion pattern in order to determine if any of the edges are 
aligned. If no edges are aligned (e.g., edge detection pattern is 
not detected on any of the sensors), then the method 600 
returns to step 610. That is, the two selected MUs are not 
positioned such that an edge from the first MU is aligned with 
an edge from the second MU. It should be noted that step 615 
may incorporate a step when the edge detection pattern is 
received on multiple sensors. That is, a different edge detec 
tion pattern is used to determine whether the two selected 
MUs have edges that are aligned. 
0.058 If the MUs detect that edges are aligned, the method 
600 continues to step 620. In step 620, a verification is per 
formed whether the detected edges that are indeed aligned. 
Specifically, the MUs 500, 550 communicate with one 
another and determine an edge verification pattern. The emit 
ters on the detected edges transmit the edge verification pat 
tern such that the corresponding sensor on the other MU is to 
receive this edge verification pattern. If the edges are not 
verified to be aligned, the method 600 returns to step 610. 
0059. If the MUs verify that the edges are aligned, the 
method 600 continues to step 625. In step 625, a determina 
tion is made whether the verified aligned edges are suffi 
ciently aligned for the aggregate display. As discussed above, 
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a variety of criteria may be used to determine the sufficiency 
for aggregation such as discontinuities, a shape criterion, an 
orientation tolerance, an alignment tolerance, etc. If the MUs 
500, 550 determine that the verified edges are not sufficiently 
aligned, the method 600 continues to step 630. In step 630, the 
MUs may indicate that there is an insufficient alignment of 
verified edges. Thus, in step 635, the MUs may be manually 
re-positioned. Subsequently, the method 600 returns to step 
610 Such that the edge alignment may again be analyzed. 
0060. It should be noted that the method 600 may include 
additional steps for indicating alignment or Sufficiency in 
alignment. For example, as discussed above, an “alignment 
image' or "misalignment image' may be shown on the dis 
play devices of the MUs in which the edges are considered 
aligned. If the alignment image is shown, this may be indica 
tive that the edges are aligned while the misalignment image 
may be indicative that the edges are not aligned. A user may 
see these image types to determine whether the MUs should 
be re-positioned during the course of the aggregated display 
being generated. 
0061 Returning to step 625, if the MUs have determined 
that the verified edges are sufficiently aligned, the method 600 
continues to step 640. In step 640, a determination is made 
whether either of the MUs have a further edge which may be 
aligned with a further MU. For example, the MU 105 may 
have verified that the alignment with the MU 110 is sufficient. 
However, the MU 105 will have to verify that the alignment 
with the MU 120 is also Sufficient while the MU 110 will have 
to verify that the alignments with the MUs 115, 125 are also 
Sufficient. If further edge alignments are to be analyzed, the 
method 600 returns to step 610. 
0062) If no further edge alignment are to be analyzed for 
the two MUs, the method 600 continues to step 645. In step 
645, a further pair of MUs are determined for edge alignment 
analysis. For example, if the MUs 105, 110 have both been 
fully analyzed for edge alignment, the MU 130 may still 
require determination of edge alignment. Thus, the entire set 
of MUs 105-145 may perform the edge alignment as the 
method 600 returns to step 610. 
0063. If all the MUs 105-145 have performed the edge 
alignment, the method 600 continues to step 650. In step 650, 
the controlling device is determined. As discussed above, the 
controlling device may be one of the MUs 105-145. Thus, 
through the inter-device communication, the MUs 105-145 
may determine one thereof to be designated the controlling 
device. For example, based upon the edge alignment data 
shared among the MUs 105-145, a centrally disposed MU 
(e.g., MU 125) may be an optimal selection as this MU 125 
may be able to communicate with all the co-located MUs 
105-120, 130-145. The controlling device may also be the 
Server 150. 

0064. It should be noted that all the co-located MUs com 
municating with a single controlling device MU 125 is only 
exemplary. Depending on the capabilities of the transceiver, 
particularly short range transceivers, the MUs may be con 
figured for data to be communicated with intermediaries 
when a direct communications link is not possible. For 
example, if the MUs are aligned linearly, a left-most or right 
most MU may be incapable of communicating with a cen 
trally disposed MU if the distance is too great. Thus, the 
left-most MU may first communicate data to a MU involved 
in the aggregated display which forwards the data to another 
MU involved in the aggregated display, etc. to the controlling 
device. 
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0065. In step 655, the edge alignment data for each of the 
MUs 105-145 are transmitted to the controlling device. Thus, 
in the first manner of aggregation, all the other MUs 105-120, 
130-145 transmit the edge alignment data to the controlling 
device, MU 125. In the second manner of aggregation, all the 
MUs 105-145 transmit the edge alignment data to the server 
150. In step 660, the controlling device determines the overall 
shape of the MUs and the display devices based upon the edge 
alignment data. When all are considered, the edge alignment 
data for each MU provides position and orientation data for 
the system of MUs. Specifically, the edges are verified to be 
aligned which may be used to determine the position of each 
MU within the co-located area. The edge alignment data from 
each MU may also indicate the size and shape of the respec 
tive display device, the size and shape of the respective hous 
ing, the relative position? orientation of the emitters/sensors, 
etc. that may also be considered in determining the position 
and orientation of the MUs within the co-located area. 
Accordingly, the overall shape is used to determine how the 
image is to be displayed in the aggregated display. 
0066. In step 665, the controlling device determines a 
respective portion to be shown on each display device of the 
MUs of the aggregated display based upon the position data 
of the MUs. For example, if all the MUs 105-145 are the same 
shape, size, and orientation and arranged as shown in FIG. 1 
such that there are three rows and three columns, the control 
ling device may divide the image (that was received in step 
605 for the first manner of aggregation or already stored in a 
memory arrangement of the server 150 for the second manner 
of aggregation) into nine equal portions. Thus, in step 670, 
each MU shows the respective portion on its display device. 
0067 For the first manner of aggregation, the controlling 
device may send a respective data packet to each MU to 
indicate the portion of the received image that its respective 
display device is to show. For example, the controlling device 
may indicate coordinate ranges such that the data packet 
indicates an area of the image since each MU has already 
received the image. In another example, the controlling 
device may divide the image accordingly and transmit the 
portion to each of the MUs. For the second manner of aggre 
gation, the server 150 may divide the image accordingly and 
transmit each portion to the MUs. 
0068. It should be noted that the method 600 may include 
additional steps. For example, the method 600 may determine 
number of required display devices for the image. Through 
inter-device communication or by the server 150, the control 
ling device may determine that there are superfluous MUs 
present in the co-located area. For example, in the system of 
FIG. 1, the MUs 105-130 may be utilized to show the image 
but the MUs 135-145 may be superfluous as some property of 
the image (e.g., aspect ratio) may be negatively affected to a 
degree that the image is no longer properly shown. In Such a 
scenario, the controlling device may indicate that the MUs 
135-145 are extraneous such that they may be manually 
removed. The controlling device may also incorporate the 
Superfluous MUs into the aggregated image. The image to be 
shown in the aggregated display may not extend across all the 
MUs such as to the MUs 135-145. The controlling device may 
select a “filler” portion to be shown on the MUs 135-145 such 
that they remain within the aggregated display. For example, 
a Subsequent image that is shown in the aggregated display 
may utilize all the MUs 135-145. Therefore, removal of these 
MUs 135-145 may affect how the subsequent image is shown. 
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0069. The exemplary embodiments provide a system 
including a plurality of mobile units and a method for aggre 
gating a display. Specifically, the exemplary embodiments 
determine proper edge alignment for aggregating the respec 
tive display devices of the mobile units. The mobile units are 
configured for inter-device communication Such that a col 
laborative manner is provided in which each mobile unit 
involved in the aggregate display communicate with one 
anotherto determine the edges that are aligned between them. 
In a first step, a pair of mobile units, sets of mobile units, or all 
the mobile units communicates Such that an edge detection 
pattern is used on all emitters using common or different edge 
detection patterns. When an edge from one of the mobile units 
is aligned with an edge of the other mobile unit based upon the 
edge detection pattern, the pair of mobile units communicates 
Such that an edge verification pattern is used on the emitters of 
the detected edges. When the edge from first mobile unit is 
verified to be aligned with the edge of the second mobile unit, 
the pair of mobile units communicates to determine whether 
these verified edges are sufficiently aligned with each other 
based upon a set of predetermined criteria. 
0070. Once all the mobile units have determined their edge 
alignments with the other co-located mobile units, a control 
ling device may receive the edge alignment data such that the 
image to be shown in the aggregated display may be properly 
divided to the mobile units. Thus, the image may be shown 
across all the display devices that are aggregated in which all 
edges are properly aligned. 
0071. In the foregoing specification, specific embodi 
ments have been described. However, one of ordinary skill in 
the art appreciates that various modifications and changes can 
be made without departing from the scope of the invention as 
set forth in the claims below. Accordingly, the specification 
and figures are to be regarded in an illustrative rather than a 
restrictive sense, and all such modifications are intended to be 
included within the scope of present teachings. 
0072 The benefits, advantages, solutions to problems, and 
any element(s) that may cause any benefit, advantage, or 
Solution to occur or become more pronounced are not to be 
construed as a critical, required, or essential features or ele 
ments of any or all the claims. The invention is defined solely 
by the appended claims including any amendments made 
during the pendency of this application and all equivalents of 
those claims as issued. 

0.073 Moreover in this document, relational terms such as 
first and second, top and bottom, and the like may be used 
solely to distinguish one entity or action from another entity 
or action without necessarily requiring or implying any actual 
Such relationship or order between Such entities or actions. 
The terms “comprises.” “comprising.” “has”, “having.” 
“includes”, “including.” “contains”, “containing or any 
other variation thereof, are intended to cover a non-exclusive 
inclusion, Such that a process, method, article, or apparatus 
that comprises, has, includes, contains a list of elements does 
not include only those elements but may include other ele 
ments not expressly listed or inherent to such process, 
method, article, or apparatus. An element proceeded by 
“comprises ... a”, “has . . . a”, “includes ... a”, “contains .. 
... a does not, without more constraints, preclude the existence 
of additional identical elements in the process, method, 
article, or apparatus that comprises, has, includes, contains 
the element. The terms “a” and “an are defined as one or 
more unless explicitly stated otherwise herein. The terms 
“substantially”, “essentially”, “approximately”, “about” or 

Jan. 1, 2015 

any other version thereof, are defined as being close to as 
understood by one of ordinary skill in the art, and in one 
non-limiting embodiment the term is defined to be within 
10%, in another embodiment within 5%, in another embodi 
ment within 1% and in another embodiment within 0.5%. The 
term “coupled as used herein is defined as connected, 
although not necessarily directly and not necessarily 
mechanically. A device or structure that is “configured in a 
certain way is configured in at least that way, but may also be 
configured in ways that are not listed. 
0074. It will be appreciated that some embodiments may 
be comprised of one or more generic or specialized proces 
sors (or “processing devices”) Such as microprocessors, digi 
tal signal processors, customized processors and field pro 
grammable gate arrays (FPGAs) and unique stored program 
instructions (including both Software and firmware) that con 
trol the one or more processors to implement, in conjunction 
with certain non-processor circuits, some, most, or all of the 
functions of the method and/or apparatus described herein. 
Alternatively, some or all functions could be implemented by 
a state machine that has no stored program instructions, or in 
one or more application specific integrated circuits (ASICs), 
in which each function or some combinations of certain of the 
functions are implemented as custom logic. Of course, a 
combination of the two approaches could be used. 
0075 Moreover, an embodiment can be implemented as a 
computer-readable storage medium having computer read 
able code stored thereon for programming a computer (e.g., 
comprising a processor) to perform a method as described 
and claimed herein. Examples of Such computer-readable 
storage mediums include, but are not limited to, a hard disk, a 
CD-ROM, an optical storage device, a magnetic storage 
device, a ROM (Read Only Memory), a PROM (Program 
mable Read Only Memory), an EPROM (Erasable Program 
mable Read Only Memory), an EEPROM (Electrically Eras 
able Programmable Read Only Memory) and a Flash 
memory. Further, it is expected that one of ordinary skill, 
notwithstanding possibly significant effort and many design 
choices motivated by, for example, available time, current 
technology, and economic considerations, when guided by 
the concepts and principles disclosed herein will be readily 
capable of generating Such software instructions and pro 
grams and ICs with minimal experimentation. 
(0076. The Abstract of the Disclosure is provided to allow 
the reader to quickly ascertain the nature of the technical 
disclosure. It is submitted with the understanding that it will 
not be used to interpret or limit the scope or meaning of the 
claims. In addition, in the foregoing Detailed Description, it 
can be seen that various features are grouped together in 
various embodiments for the purpose of streamlining the 
disclosure. This method of disclosure is not to be interpreted 
as reflecting an intention that the claimed embodiments 
require more features than are expressly recited in each claim. 
Rather, as the following claims reflect, inventive subject mat 
ter lies in less than all features of a single disclosed embodi 
ment. Thus the following claims are hereby incorporated into 
the Detailed Description, with each claim standing on its own 
as a separately claimed Subject matter. 

1-20. (canceled) 
21. A system, comprising: 
a plurality of devices positioned within a predetermined 

area, each device having a plurality of edges, at least one 
device of the plurality of devices further comprising: 
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a transceiver operated to establish an inter-device com 
munication with at least one other device of the plu 
rality of devices to determine a first edge pattern and 
a second edge pattern; 

an emitter disposed along at least one edge of the plu 
rality of edges, the emitter operated to transmit the 
first edge pattern to the at least one other device; 

a sensor disposed along the at least one edge of the 
plurality of edges, the sensor operated to receive the 
second edge pattern from the at least one other device; 
and 

a display device, 
wherein when the first edge pattern is received by a further 

sensor disposed along at least one other edge of the at 
least one other device and the second edge pattern is 
received by the sensor of the at least one device, and 
further when the at least one edge along which the sensor 
of the at least one device is disposed and the at least one 
other edge along which the further sensor of the at least 
one other device is disposed are verified to be aligned, 
the display device of the at least one device and a further 
display device of the at least one other device are oper 
ated to form an aggregated display. 

22. The system of claim 21, wherein one of the plurality of 
devices is a controlling device that determines a respective 
portion of an image to be shown on the display device and the 
further display device in the aggregated display. 

23. The system of claim 21, further comprising: 
a server that determines a respective portion of an image to 
be shown on the display device and the further display 
device in the aggregated display. 

24. The system of claim 21, wherein the determined first 
and second edge patterns are transmitted from the at least one 
device to the at least one other device during the inter-device 
communication. 

25. The system of claim 21, wherein the transceiver is 
further operated to establish the inter-device communication 
to determine a third edge pattern and a fourth edge pattern, 
and further wherein the at least one edge along which the 
sensor of the at least one device is disposed and the at least one 
other edge along which the further sensor of the at least one 
other device is disposed are verified to be aligned when the 
third edge pattern is received by the further sensor disposed 
along the at least one other edge of the at least one other 
device and the fourth edge pattern is received by the sensor of 
the at least one device. 

26. The system of claim 25, wherein the at least one device 
is operated to Verify whether the at least one edge along which 
the sensor of the at least one device is disposed and the at least 
one other edge along which the further sensor of the at least 
one other device is disposed are sufficiently aligned as a 
function of a set of predetermined criteria including at least 
one of discontinuity data, tolerance value data, alignment 
tolerance value data, and shape analysis data. 

27. The system of claim 26, wherein the aggregated display 
shows an alignment image when the at least one edge along 
which the sensor of the at least one device is disposed and the 
at least one other edge along which the further sensor of the at 
least one other device is disposed are sufficiently aligned. 

28. The system of claim 26, wherein the aggregated display 
shows a misalignment image when the at least one edge along 
which the sensor of the at least one device is disposed and the 
at least one other edge along which the further sensor of the at 
least one other device is disposed are not sufficiently aligned. 

11 
Jan. 1, 2015 

29. The system of claim 28, wherein at least one of the 
display device and the further display device shows a feed 
back indicating that the display device and the further display 
device are not properly aligned when the at least one edge 
along which the sensor of the at least one device is disposed 
and the at least one other edge along which the further sensor 
of the at least one other device is disposed are not sufficiently 
aligned. 

30. The system of claim 21, wherein the emitter is one of 
electromagnet, optical emitter, audio emitter, electrical con 
tact, and a combination thereof, wherein the sensor is a cor 
responding one of hall effect sensor, optical sensor, audio 
sensor, electrical connector, and a combination thereof. 

31. A method for automating aggregation of multiple dis 
play devices, the method comprising: 

establishing an inter-device communication between a 
device and at least one other device to determine a first 
edge pattern and a second edge pattern; 

activating an emitter disposed along at least one edge of a 
plurality of the edges of the device to transmit the first 
edge pattern to the at least one other device; 

activating a sensor disposed along the at least one edge of 
the plurality of the edges of the device to receive the 
second edge pattern from the at least one other device; 

when the first edge pattern is received by a further sensor 
disposed along at least one other edge of a plurality of 
edges of the at least one other device and the second edge 
pattern is received by the sensor of the device, verifying 
whether the at least one edge along which the sensor of 
the device is disposed and the at least one other edge 
along which the further sensor of the at least one other 
device is disposed are aligned; and 

operating a display device in the device and a further dis 
play device in the at least one other device to form an 
aggregated display when the at least one edge along 
which the sensor of the device is disposed and the at least 
one other edge along which the further sensor of the at 
least one other device is disposed are verified to be 
aligned. 

32. The method of claim 31, further comprising 
determining a controlling device from one of the device 

and the at least one other device, the controlling device 
further determining a respective portion of an image to 
be shown on the display device and the further display 
device in the aggregated display. 

33. The method of claim 31, further comprising: 
determining a respective portion of an image to be shown 

on the display device in the device and the further dis 
play device in the at least one other device in the aggre 
gated display using a server. 

34. The method of claim 31, further comprising: 
transmitting the determined first and second edge patterns 

from the device to the at least one other device during the 
inter-device communication between the device and the 
at least one other device. 

35. The method of claim 31, wherein verifying further 
comprises: 

establishing the inter-device communication between the 
device and the at least one other device to determine a 
third edge pattern and a fourth edge pattern; 

activating the emitter of the device to transmit the third 
edge pattern to the at least one other device; 

activating the sensor of the device to receive the fourth edge 
pattern from the at least one other device; and 
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when the third edge pattern is received by the further sensor 
disposed along the at least one other edge of the at least 
one other device and the fourth edge pattern is received 
by the sensor of the device, verifying that the at least one 
edge along which the sensor of the device is disposed 
and the at least one other edge along which the further 
sensor of the at least one other device is disposed are 
aligned. 

36. The method of claim 31, further comprising verifying 
whether the at least one edge along which the sensor of the 
device is disposed and the at least one other edge along which 
the further sensor of the at least one other device is disposed 
are sufficiently aligned as a function of a set of predetermined 
criteria including at least one of discontinuity data, tolerance 
value data, alignment tolerance value data, and shape analysis 
data. 

37. The method of claim 36, further comprising showing a 
feedback either on the display device or the further display 
device to indicate that the display device and the further 
display device are not properly aligned when the at least one 
edge along which the sensor of the device is disposed and the 
at least one other edge along which the further sensor of the at 
least one other device is disposed are not sufficiently aligned. 

38. A device positioned within a predetermined area, com 
prising: 

a housing having a plurality of edges; 
a display device positioned within the housing to occupy at 

least a portion of a face of the housing: 
a transceiver operated to establish an inter-device commu 

nication with at least one of a plurality of other devices 
positioned within the predetermined area; 

an emitter and a sensor disposed along at least one edge of 
the plurality of edges; and 

a processor communicatively coupled to the transceiver, 
emitter, sensor, and the display device, the processor 
operated to 
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determine a first edge pattern and a second edge pattern 
when the inter-device communication is established 
with the at least one of the plurality of other devices, 

activate the emitter to transmit the determined first edge 
pattern to the at least one of the plurality of other 
devices, 

activate the sensor to receive the determined second 
edge pattern from the at least one of the plurality of 
other devices, 

when the first edge pattern is received by a further sensor 
disposed along at least one other edge of a plurality of 
edges of a further housing in the at least one of the 
plurality of other devices and the second edge pattern 
is received by the sensor of the device, verifying 
whether the at least one edge along which the sensor 
of the device is disposed and the at least one other 
edge along which the further sensor of the at least one 
of the plurality of other devices is disposed are 
aligned, and 

activate the display device of the device to form an 
aggregated display with a further display device posi 
tioned within the further housing of the at least one of 
the plurality of other devices when the at least one 
edge along which the sensor of the device is disposed 
and the at least one other edge along which the further 
sensor of the at least one of the plurality of other 
devices is disposed are verified to be aligned. 

39. The device of claim38, wherein the processor is further 
operated to determine a respective portion of an image to be 
shown on the display device and the further display device in 
the aggregated display. 

40. The device of claim38, wherein a shape and size of the 
display device positioned within the housing of the device is 
different from a shape and size of the further display posi 
tioned within the further housing of the at least one of the 
plurality of other devices. 
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